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[57] ABSTRACT 
An apparatus for draining ?uids, for example, from a 
chest or pleural cavity, includes a collection chamber 
for collecting fluids through an inlet port for entry of 
the ?uids. Also included is a dry or waterless suction 
control chamber in ?uid communication with the col 
lection chamber for regulating the degree of vacuum 
imposed in the collection chamber. If desired, a seal 
chamber can also be provided between the dry suction 
control chamber and the collection chamber so as to 
prevent any ambient or atmospheric air from passing' 
into the collection chamber. The suction control cham 
ber has a ?rst inlet which is coupled to a suction source 
and a second inlet communicates with the ambient. A 
waterless regulator is provided for regulating the de 
gree of suction imposed in the collection chamber at a 
plurality of predetermined preset levels of suction. This 
regulator is positioned between the suction inlet and the 
ambient inlet. The suction control chamber also has at 
least a visual indicator disposed between the regulator 
and the suction inlet for providing immediate con?rma 
tion of proper operation of suction in the collection 
chamber. 

The present invention also includes a device for retain 
ing tubing under compression so as to provide self-seal 
ing capability of the tubing during sampling or injection 
procedures. 

34 Claims, 8 Drawing Sheets 
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METERLESS DRAINAGE DEVICE WITH 
SUCTION CONTROL 

TECHNICAL FIELD 

The present invention relates to drainage devices and 
in particular to suction drainage systems for removal of 
gases or ?uids from medical patients, such as from the 
chest cavity, by means of pressure differentials. 

BACKGROUND ART 

For many years, the standard apparatus for perform 
ing the evacuation of the pleural cavity was a drainage 
system known as the “3-bottle set-up” which includes a 
collection bottle, a water seal bottle and a suction con 
trol bottle. A catheter runs from the patient’s pleural 
cavity to the collection bottle, and the suction bottle is 
connected by a tube to a suction source. The three 
bottles are connected in series by various tubes to apply 
suction to the pleural cavity to withdraw ?uid and air 
and thereafter discharge the same into the collection 
bottle. Gases entering the collection bottle bubble 
through water in the water seal bottle. The water in the 
water seal also usually prevents the back ?ow of air into 
the chest cavity. 

Suction pressure is usually provided by a central 
vacuum supply in a hospital so as to permit withdrawal 
of ?uids such as blood, water and gas from a patient’s 
pleural cavity by establishing a pressure differential 
between the suction source and the internal pressure in 
the patient. Such suction pressure and pressure differen 
tials must be precisely maintained because of the dan~ 
gerous conditions which could result if unduly high or 
low pressure differentials should occur. However, the 
hospital suction source typically can vary over time’ 
which degrades the suction performance. Also, drain 
age systems incorporating water ?lled manometers in 
the suction control chamber whose water level indi 
cates ?uid pressure are inconvenient because of the 
need to add water prior to use, as well as because of 
their size and weight. In addition, evaporation in the 
suction control chamber results in suction pressure vari 
ations which must be corrected by the addition of more 
water thereby increasing the maintenance and monitor 
ing time required in the use of such drainage systems. 
Also various inefficiencies have existed in the 3-bottle 

set-up resulting from the many separate components 
and the large number (usually 16 or 17) of connections, 
such as pneumothorax which may result from the loss of 
the water seal in the water seal bottle if suction were 
temporarily disconnected, and possible build-ups of 
positive pressure which could cause tension pneumo 
thorax and possible mediastanal shift. Another serious 
shortcoming of the 3-bottle set-up is the possibility of 
incorrect connection and the time necessary to set the 
system up to monitor its operation. 
The 3-bottle set-up lost favor with the introduction of 

an underwater seal drainage system sold under the name 
“Pleur-evac”® in 1966 by Deknatel Inc.1 U.S. Pat. 
Nos. 3,363,626; 3,363,627; 3,559,647; 3,683,913; 
3,782,497; 4,258,824; and Re. 29,877 are directed to 
various aspects of the Pleur-evac ® system which over 
the years has provided improvements that eliminated 
various shortcomings of the 3-bottle set-up. These im 
provements have included the elimination of variations 
in the 3-bottle set-up that existed between different 
manufacturers, hospitals and hospital laboratories. Such 
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variations include bottle size, tube length and diameter, 
stopper material and the like. 
A more detailed description of the need for and the proper use of chest 

drainage devices is presented in the Deknatel Inc. Pleur-evac ® publi 
cation entitled “Physiology of the Chest and Thoracic Catheters; Chest 
Drainage Systems No. l of a series from Deknatel" (1985) which is 
incorporated herein in its entirety. 

Among the features of the Pleur-evac ® system 
which provide its improved performance are employ 
ment of 3-bottle techniques in a single, pre-formed, 
self-contained unit. The desired values of suction are 
generally established by the levels of water in the suc 
tion control bottle and the water seal bottle. These 
levels are ?lled according to speci?ed values prior to 
the application of the system to the patient. A special 
valve referred to as the “High Negativity Valve” is 
included which is employed when the patient’s negativ 
ity becomes sufficient to threaten loss of the water seal. 
Also, a “Positive Pressure Release Valve” in the large 
arm of the water seal chamber works to prevent a ten 
sion pneumothorax when pressure in the large arm of 
the water seal exceeds a prescribed value because of 
suction malfunction, accidental clamping or occlusion 
of the suction tube. The Pleur-evac ® system is dispos 
able and helps in the battle to control cross-contamina 
tion. 

Despite the advantages of the Pleur-evac® system 
over the 3-bott1e set-up and the general acceptance of 
the device in the medical community, there ‘remains a 
continuing need to improve the convenience and per 
formance of chest drainage systems and to render such 
systems compact. As noted above, ?uid ?lled suction 
control chambers require the ?lling of manometer tubes 
to levels speci?ed by the physician prior to being con 
nected to the patient and the hospital suction system. 
Although it is conceivable that such filling could be 
performed at a manufacturing facility prior to shipment, 
as a practical matter this is undesirable because frequent 
adjustments may be needed according to the different 
values of patient suction as dictated by the attending 
physician. Moreover, the presence of ?uid in the vari 
ous tubes could result in damage to the system during 
shipment due to freezing temperatures or because of 
leakage. Furthermore, the levels of suction obtained by 
a chest drainage system are somewhat limited by the 
size of the manometer tubes required to maintain such 
suction levels. For high levels of suction, the size of 
manometers required would in some circumstances 
render the drainage system impractical. A reduction in 
size of the system would offer such bene?ts as ease of 
use, ease of storage, less expensive shipping costs, and 
the reduction in the obstruction between the patient, 
and visitors and the medical staff. In addition, accuracy 
of present underwater drainage systems is limited in that 
the various manometers employed must be constantly 
monitored visually by observing the liquid level in the 
respective chambers. Even when gauges are used, they 
likewise must be constantly monitored. In either case, 
when the ?uid in the manometers evaporates’, suction 
variations occur which require the addition of more 
water to compensate for the loss. All such activity of 
course is time consuming. 
We have invented an improved drainage device 

which provides additional improvements to presently 
available devices. 

SUMMARY OF THE INVENTION 

The present invention is directed to an apparatus for 
draining ?uids comprising a collection chamber for 
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collecting ?uids including an inlet for entry of the ?u 
ids; suction control chamber in ?uid communication 
with the collection chamber for regulating the degree of 
vacuum imposed in the collection chamber and includ 
ing ?rst inlet for coupling to a suction source; second 
inlet communicating with the ambient; waterless means 
for regulating the degree of suction imposed in the 
collection chamber at a plurality of predetermined pre 
set levels of suction, the regulating means disposed 
between the suction inlet and the ambient inlet; and 
indicator means disposed between the regulating means 
and the suction inlet for providing immediate con?rma 
tion of proper operation of suction in the collection 
chamber. 
The regulation suction means comprises a member 

having an aperture and being disposed within and sepa 
rating the suction control chamber into a ?rst portion 
adjacent the ambient inlet and a remaining second por 
tion adjacent the suction inlet and in ?uid communica 
tion with the collection chamber; valve means dimen 
sioned and con?gured for sealing the aperture; and 
means for tensioning the valve means closed when the 
collection chamber suction is at the preset level of suc 
tion and otherwise opening the valve means so as to 
permit ambient to ?ow into the second portion and 
thereby return the suction in the collection chamber to 
the preset level. 

Preferably, the tensioning means comprises a spring 
under tension and coupled at one end to the valve 
means and at its other end to a support member within 
the ?rst portion, so as to maintain the valve means in a 
closed sealing relationship with the aperture in accor 
dance with the predetermined preset level of suction. 
Also provided is means for adjusting the spring ten 

sion in predetermined preset discrete steps so as to pro 
vide one of the predetermined preset levels of suction. 
Preferably, the adjusting means comprises a worm gear 
disposed on at least a portion of the support member; 

‘ pinion gear being rotatably supported and coopera 
tively engaging the worm gear; dial coupled to the 
pinion gear and having a plurality of predetermined 
preset grooves along its periphery; detent member resil 
iently disposed against the periphery and con?gured 
and dimensioned for seating within one of the grooves 
and such that upon rotating the dial, the detent member 
rides along said periphery until seating within one of the 
next grooves. 
The apparatus of the present invention further com 

prises means for variably calibrating the tension of the 
spring while the detent member is seated within one of 
the predetermined preset grooves of the dial so that the 
spring tension can be selectively varied without any 
rotation of the dial. In one preferred embodiment, the 
tension calibration means comprises a collar rotatably 
disposed in a wall portion of the suction control cham 
ber, the other end of the support member being secured 
to the collar for rotation therewith so that upon rotation 
of the collar together with the support member, the 
tension of the spring can be selectively varied while the 
dial is stationary. At least a portion of the dial extends 
out of the ambient inlet so that the dial can be rotated 
from outside of the suction control chamber. The dial 
has graduations thereon to indicate the suction pressure 
imposed in the collection chamber while the detent 
member is seated in one of the grooves. 

Preferably, the valve means is a generally ?at plate 
having a circular bead on one side thereof for seating 
against the separation member and about the aperture so 
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4 
as to provide in cross section a generally single point of 
contact between the bead and the separation plate. 
Also, the aperture in area is greater than the smallest 
cross-sectional area of any‘passage in any of the cham 
bers. 
The apparatus further comprises damping means 

coupled to the valve means for attenuating any rapid 
movement of the valve means during opening and clos 
ing of the aperture in response to any suction variations 
from the predetermined preset level of suction. The 
damping means comprises a dashpot operatively con 
nected to the valve means. Also, the spring is disposed 
in said ?rst portion adjacent the ambient inlet while the 
valve means and the dashpot are each disposed in the 
second portion. 

In one preferred embodiment, the indicator means 
comprises a ?oat disposed within a confined region of 
the second portion of the suction chamber, the con?ned 
region having a visible portion and the ?oat being con 
?gured and dimensioned so as to move to the visible 
portion within the con?ned portion when the predeter 
mined preset level of suction is obtained in the collec 
tion chamber and thereby provide immediate visual 
con?rmation of proper operation of suction in the col 
lection chamber. The con?ned region is de?ned be 
tween a pair of stop members and which limit the move 
ment of the ?oat within the con?ned region. Preferably 
the ?oat is colored in contrast to its surroundings so as 
to be readily visible. The apparatus ?oat can be ?oures 
cent so as to provide immediate visual con?rmation of 
proper suction operation in reduced light or night con 
ditions. 

In an alternative embodiment, the indicator means 
comprises a visible bubbler zone for retaining a prede 
termined amount of ?uid in the second portion of the 
suction control chamber so that under operational con 
ditions ambient entering through the bubbler zone will 
bubble therethrough toward the suction inlet and thus 
provide both immediate visual and audible con?rmation 
of proper operation of suction in the collection cham 
ber. The bubbler zone includes a passageway bypassing 
the ?uid retention zone. The passageway is dimen 
sioned and con?gured so that ambient will not bubble 
through ?uid in the bubbler zone until the suction im 
posed in the collection chamber is at least above set 
predetermined preset level of suction. 

In another alternative embodiment, the apparatus for 
draining ?uids includes a seal chamber for preventing 
passage of atmospheric air into the collection chamber. 
The present invention is also directed to a device for 

regulating the degree of vacuum imposed in a drainage 
system comprising a housing de?ning a chamber 
adapted for ?uid communication with the drainage 
system; ?rst inlet in the housing for coupling to a suc 
tion source; second inlet in the housing communicating 
with the ambient; waterless means for regulating the 
degree of suction at a plurality of predetermined preset 
levels of suction, the regulating means disposed be 
tween the suction inlet and the ambient inlet; and indica 
tor means disposed between the regulating means and 
the suction inlet for providing immediate con?rmation 
of proper operation of suction. The regulation suction 

‘ means comprises a wall member having an aperture and 

65 
being disposed within and separating the chamber into a 
?rst portion adjacent the ambient inlet and a remaining 
second portion adjacent the suction inlet, the second 
portion adapted for ?uid communication with the 
drainage system; valve means dimensioned and con?g~ 
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ured for sealing the aperture; and means for tensioning 
the valve means to seal the aperture when the drainage 
system suction is at the preset level of suction and other 
wise unsealing the valve means so as to permit ambient 
to ?ow into the second portion and thereby return the 
suction in the drainage system to the preset level. 
The present invention also relates to an apparatus for 

draining bodily ?uids comprising collection chamber 
for collecting ?uids from a body cavity, the collection 
chamber including an inlet for ?uid communication 
with the body cavity; suction control chamber for regu 
lating the degree of vacuum imposed in the collection 
chamber; and seal chamber for preventing passage of 
ambient into the collection chamber and including a 
large arm compartment having a suction inlet at one 
end; a small arm compartment at one end having an 
opening communicating with the collection chamber 
and communicating at its other end with the other end 
of the large arm, the small arm compartment having 
means adjacent its one end for preventing ambient from 
passing into the collection chamber when the collection 
chamber has a relatively high level of negative pressure. 
The ambient prevention means comprises a ?rst cham 
ber formed adjacent the opening and being dimensioned 
and con?gured so as to contain the entire volume of a 
predetermined amount of sealing ?uid disposed in the 
seal chamber at the juncture of the large arm and the 
small arm compartments. The apparatus further com 
prises a second chamber disposed so as to separate the 
?rst containment chamber from the opening into the 
collection chamber so that any sealing ?uid passing 
from the ?rst containment chamber will enter into said 
second separation chamber and thereafter return to the 
containment chamber instead of passing through the 
opening. The containment chamber is con?gured so 
that any sealing ?uid passing into the containment 
chamber is diverted in a direction other than the direc 
tion of normal ?ow so that entering ?uid will circulate 
in and be collected within the containment chamber. 
The apparatus further comprises a wall member posi~ 

tioned within the small arm and separating the contain 
ment chamber from the remainder of the small arm, the 
wall member having an aperture; and valve means being 
dimensioned and con?gured for opening and substan 
tially closing the aperture, the valve means being nor 
mally open and tending to substantially close the aper 
ture in response to any ?uid entering into the contain 
ment chamber from the juncture of the large arm and 
the small arm compartments. The valve means com 
prises a ball dimensioned and con?gured so as to be 
adapted for seating with and substantially closing the 
aperture. This aperture includes a notch so as to permit 
the sealing ?uid to enter into the containment chamber 
when the ball valve seats upon and substantially closes 
the opening whereupon the sealing ?uid is diverted 
within the containment chamber generally transverse to 
the direction of normal ?ow. The remaining portion of 
the small arm is constricted so as to retain the ball valve 
movably between the constriction and the aperture. 
This remaining portion of the small arm is smaller in 
cross sectional area than that of the containment cham 
ber. In one preferred embodiment, the ambient preven 
tion means comprises a one-way check valve disposed 
and oriented in the small arm compartment. The valve 
when open permits the passage of suction ?ow from the 
collection chamber into the suction inlet, but when 
closed prevents ambient from passing into the collec 
tion chamber. The one-way check valve is positioned 
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6 
adjacent the opening communicating the small arm 
compartment with the collection chamber. 

Preferably, the apparatus further comprises an air 
?ow meter disposed at the juncture of the other ends of 
the small arm and large arm. The air ?ow meter pro 
vides for measurement of the quantity of gases passing 
from the body cavity. The apparatus also comprises a 
check valve means disposed in the large arm compart 
ment. The check valve means is normally closed and 
tends to open to permit ambient into the seal chamber in 
response to substantially increased pressure within the 
seal chamber. Also, the present invention is directed to 
a chest drainage device for draining ?uids from a body 
cavity or portion comprising a housing; collection 
chamber formed within the housing for collecting ?uids 
including an inlet for entry of the ?uids and for ?uid 
communication with the body cavity or portion; seal 
chamber formed within the housing for preventing 
passage of ambient into the collection chamber and 
including a large arm compartment having a suction 
inlet at one end for coupling to a suction source; a small 
arm compartment at one end having an opening com 
municating with the collection chamber and communi 
cating at its other end with the other end of the large 
arm, the small arm compartment having means adjacent 
its one end for preventing ambient from passing into the 
collection chamber when the collection chamber has a 
relatively high level of negative pressure; suction con 
trol chamber formed within the housing and being in 
?uid communication with the collection chamber for 
regulating the degree of vacuum imposed in the collec 
tion chamber and pleural cavity and including a ?rst 
inlet for coupling to the suction inlet of the seal cham 
ber; second inlet communicating with the ambient; wa 
terless means for regulating the degree of suction im 
posed in the collection chamber at a plurality of prede 
termined preset levels of suction, the regulating means 
disposed between the ?rst inlet and the ambient inlet; 
and indicator means disposed between the regulating 
means and the ?rst inlet for providing immediate con?r 
mation of proper operation of suction in the collection 
chamber. 

Preferably, the housing is formed of a front wall 
member and a back wall member sealed together along 
their peripheries by a plurality of side wall members. 
The front wall member includes an integrally formed 
handle and the suction inlet and collection chamber 
inlet are each disposed in a ?rst side wall common to the 
seal chamber and the collection chamber. Also, the 
ambient inlet to the suction control chamber is disposed 
in a second side wall adjacent to the ?rst side wall. 
The apparatus further comprises an elongated sup 

port stand rotatably secured to a third side wall oppo 
site the ?rst side wall so that the support stand can be 
rotated from a stored position to a support position 
wherein the support stand is generally transverse to the 
third side wall so as to stably support the housing at a 
predetermined location. The support stand can be se 
cured in the support position. 

Preferably, at least portions of the housing are trans 
parent to permit viewing of the operation or contents of 
underlying portions of each of the collection, seal and 
suction control chambers. Also, at least selected por 
tions of the front wall member are marked with gradua 
tions so as to identify the volume of the contents thereof 
and with predetermined indicia to provide instructional 
information. 
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In addition, the present invention is directed to an 
apparatus for draining ?uids from a body cavity or 
portion comprising a collection chamber for collecting 
?uids including an inlet for entry of the ?uids; tubing 
coupled at one end to the collection chamber inlet, the 
other end adapted for insertion into the body cavity or 
portion; compression means con?gured and dimen 
sioned for snugly retaining a portion of the tubing under 
compression so as to provide self sealing capability of 
the tubing portion, the compression means having a 
port so as to expose the tubing and to provide access to 
the interior of the tubing upon insertion of a hypoder 
mic needle; and suction control chamber in ?uid com 
munication with the collection chamber for regulating 
the degree of vacuum imposed in the collection cham 

l0 

ber and including ?rst inlet for coupling to a suction ‘ 
source; second inlet communicating with the ambient; 
waterless means for regulating the degree of suction 
imposed in the collection chamber at a plurality of pre 
determined preset levels of suction, the regulating 
means disposed between the suction inlet and the ambi 
ent inlet; and indicator means disposed between the 
regulating means and the suction inlet for providing 
immediate con?rmation of proper operation of suction 
in the collection chamber. 

Preferably, the compression means is formed of two 
like structured, elongated curved plate members having 
?anges extending along respective corresponding 
edges. The plate members are secured to each other 
along the ?anges and the plate member opposite the 
port is relatively rigid so as to protect against penetra 
tion of a hypodermic needle. 

Preferably, the inner cross sectional diameter of the 
curved plate members is less than the cross sectional 
outer diameter of the tubing. According to one pre 
ferred embodiment, the inner cross sectional diameter 
of the curved plate members is about four-fifths of that 
of the outer diameter of the tubing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in greater detail 
hereinbelow, with reference to the drawings wherein: 
FIG. 1 is a perspective view of a chest drainage de 

vice according to the present invention supported in a 
hanging position. 
FIG. 2 is a top view of the drainage device of FIG. 1 

illustrating the inlet ports into the collection chamber 
and the suction control chamber. 
FIG. 3 is an enlarged view of a portion of the bottom 

of the drainage device of FIG. 1 before attachment of 
the ?oor stand. 
FIG. 4 is an exposed front view of the drainage de 

vice of FIG. 1. 
FIG. 5 is an exposed front view of an alternative 

embodiment of the drainage device of the present in 
~ vention. 

FIG. 6 is a ?rst cross-sectional side view in the collec 
tion chamber taken along the lines 6-6 of FIG. 4. 
FIG. 7 is a second cross-sectional side view in the 

collection chamber taken along the lines 7-7 of FIG. 4. 
FIG. 8 is a ?rst cross-sectional side view of the small 

arm of the seal chamber taken along the lines 8-8 of 
FIG. 4. 
FIG. 8a is an enlarged cross-sectional side view of the 

small arm of the seal chamber taken along the lines 8-8 
of FIG. 4 illustrating an alternative embodiment of a 
check valve for dry operation of the seal chamber. 
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FIG. 9 is a cross-sectional side view in one compart 

ment of the suction control chamber taken along the 
lines 9-9 of FIG. 4. 
FIG. 10 is a cross-sectional side view in the second 

compartment of the suction control chamber taken 
along the lines 10-10 of FIG. 4. 
FIG. 11 is a cross-sectional view taken along lines 

11-11 of FIG. 4. 
FIG. 12 is a cross-sectional view taken along lines 

12-12 of FIG. 4. 4 
FIG. 13 is an enlarged view illustrating the poppet 

valve and dashpot in the suction control chamber taken 
along lines 13-13 of FIG. 10. . 
FIG. 14 is an exploded view of the injection/sam 

pling device according to the present invention. 
FIG. 15 is a top view of the injection/sampling de 

vice of FIG. 14. _ 
FIG. 16 is a cross-sectional side view taken along the 

lines 16-16 of HG. 15 illustrating tubing under com~ 
pression. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the description which follows, any reference to 
either orientation or direction is intended primarily for 
the purpose of illustration and is not intended in any 
way as a limitation of the scope of the present invention. 

Referring to FIG. 1 and 4, a chest drainage device 10 
is illustrated with three chambers-a collection cham 
ber 12 for retaining and storing ?uids collected from a 
body cavity, a water seal chamber 14 for preventing any 
fluid from entering into the collection chamber 12 dur 
ing high levels of negative pressure in the body cavity 
and a dry suction control chamber 16. The function and 
operation of these various chambers are generally de 
scribed in U.S. Pat. Nos. 3,363,626; 3,363,627; 3,559,647; 
3,683,913; 3,782,497; 4,258,824; and Re. 29,877 to the 
extent that like or common elements are presented 
therein. In addition, the purpose and general operation 
of the various chambers of the chest drainage device 10 
of the present invention are also more fully described in 
the Deknatel Inc. Pleur-evac ® publication entitled 
“Understanding Chest Drainage Systems” (1985). Ac 
cordingly, the disclosure of the aforementioned patents 
and publication are incorporated herein in their en 
tirety. 
The collection chamber 12 is formed generally to the 

right of line “A-A” and preferably includes four sepa 
rate collection compartments 18, 20, 22 and 24 which 
are formed between respective pairs of walls 26, 28, 30, 
32 and 34 as shown in FIG. 4. However, the collection 
chamber 12 of the present invention is not limited as to 
the number of separate collection compartments and 
any number as desired can be provided. Likewise, the 
volumetric size of the various collection compartments 
can be uniform or varied as preferred. 
An inlet port 36 is positioned in top wall 38 so that 

?uid and gases from a body cavity pass directly into 
collection compartment 18. To provide for ?ner mea 
surements of ?uids collected, at least collection com 
partment 18 is dimensioned and con?gured to have the 
smallest volumetric size and the remaining compart 
ments are preferably larger sized to accommodate 
greater amounts of ?uid collected. In addition, sloping 
wall member 19 as shown more clearly in FIG. 6 per 
mits the lower portion of compartment 18 to be smaller 
than the upper portion and thus provide yet even 
smaller volumetric measurements. An opening 27 in 
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wall 28 as shown more clearly in FIG. 6 permits over 
?ow of ?uid from compartment 18 to pass ?rst into 
compartment 20. Likewise, any over?ow from com 
partment 20 can pass over upper edge of wall 30 into 
compartment 22 and from there over upper edge of wall 
32 into compartment 24. Accordingly, the upper edges 
of walls 30 and 32 are approximately at the same height 
to allow for over?ow. 
A high negativity valve 40 is positioned in top wall’ 38 

in communication with collection chamber 12. The 
high negativity valve includes a button actuated valve 
which when depressed allows ?ltered air to enter the 
collection chamber 12. In this manner, undesired high 
degrees of negative pressure that may occur in the body 
cavity and thereby develop in the collection chamber 
12 are relieved. ~ 

The seal chamber 14 generally is formed between the 
lines “A-A” and “B-B” as shown in FIG. 4. In par 
ticular, the seal chamber 14 includes a small arm com 
partment 42 formed between walls 34 and 44 and a large 
compartment 46 formed between walls 44 and 47. Al 
though seal chambers are typically operated with a 
predetermined level of ?uid such as water, the seal 
chamber 14 of the present invention can be operated in 
either a “dry” or a “wet” mode of operation in the 
manner to be more fully described hereinbelow. An air 
?ow meter 48, if desired, can be positioned as shown in 
FIGS. 1 and 4 at the juncture of the lower ends of the 
small and large arm compartments 42, 46. The air ?ow 
meter 48 is intended for use in the “wet” mode and is of 
the type illustrated and described in aforementioned 
US. Pat. No. 3,683,913 whose disclosure is incorpo 
rated herein in its entirety. However, even if operated in 
the “dry” mode, the air ?ow meter 48 if present will 
have no deleterious effect. 
The seal chamber 14 preferably also includes a valve 

mechanism in the small arm compartment 42 which 
includes a plate member 48 and a ball float valve 50 that 
is free to travel between plate member 48 and a con 
stricted portion of small arm compartment 42 as shown 
in FIG. 4. However, the constricted portion as shown 
more clearly in FIG. 8 is con?gured so that in operation 
under suction, the ?oat ball valve 50 will not block off 
the lower portion of the small air compartment 42. 

Plate member 48 as shown more clearly in FIG. 8 
includes a circular opening 52 which is con?gured and 
dimensioned so as to permit ball ?oat valve 50 to seat 
within opening 52 when ?uid such as water which is 
typically contained within the water seal chamber 14 is 
drawn by unduly high negative pressure toward the 
collection chamber 12 through opening 54 in the upper 
end of the small arm compartment 42. A similar valve 
arrangement is also described as a cylindrical valve 
member in US. Pat. No. 3,683,913 which also serves to 
retain water or ?uid in the water seal chamber. How 
ever, plate number 48 according to the present inven 
tion includes a notch or keyway slot 56 which still per 
mits ?uid or water from the water seal chamber to 
bypass ball valve 50 and enter into the upper end 58 of 
small arm compartment 42. Within the upper end com 
partment 58, the ?uid bypasses ball valve 50 and circu 
lates in a direction transverse to the ?ow of suction or 
normal ?ow and is diverted upon the walls forming 
upper end compartment 58. 

Preferably, the upper end compartment 58 is con?g 
ured and dimensioned so as to accommodate the entire 
?uid volume in the water seal chamber to be contained 
therein. In this manner, water in the water seal chamber 
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10 
is prevented from being drawn into the collection 
chamber through opening 54 in the event of a high 
negativity developed in the collection chamber 12. 
Such high negativity occurrences can result from a 
deep breath, coughing or choking by the patient. It can 
also occur when suction is turned off which happens 
either when the suction tube is occluded or the hospital 
suction fails. High negativity can likewise occur when 
the patient is on a ventilator. Alternatively high nega 
tivity results when medical personnel milk the tubing 
from the drainage device to the patient. In the latter 
case, milking is the process whereby clots in the tubing 
are pushed into the collection chamber 12 by grasping 
the tubing with one hand behind the clot and squeezing 
the tubing toward the collection chamber 12 so as to 
advance the clot thereto. 
Although the small end compartment 42 is illustrated 

with a ball ?oat valve 50 in the small arm compartment, 
the con?guration of upper end compartment 58 is suit 
able to provide for prevention of any ?uid from the 
water seal chamber 14 passing into the collection cham 
ber 12. Thus the ball ?oat valve 50 is but an additional 
safeguard which can be optionally incorporated and 
used with the structure of the upper end compartment 
58. An additional chamber 59 separates the containment 
chamber or upper end compartment 58 from opening 54 
so as to aid in preventing ?uid from passing into the 
collection chamber 12. Preferably the separation cham 
ber 59 has a sloping lower surface 61 as shown in FIG. . 
4 and opening 54 is positioned uppermost in wall 63. 

In an alternative embodiment, the seal chamber 14 
can be operated in a dry mode without any ?uid re 
quired to maintain a seal. In such instance, the ball ?oat 
valve 50 can be replaced with a check valve 51 which 
seats in compartment 58 and about opening 52 as shown 
in FIG. 8A. The check valve 51 is a one way valve that 
permits suction ?ow in the direction of arrow “C" but 
closes and prevents any ?ow of ambient or atmospheric 
air into collection chamber 12 in the direction of arrow 
‘GD-9, 
The upper end of the large arm compartment 46 of 

the water seal chamber 14 is in ?uid communication 
with suction inlet port 60 and a positive pressure relief 
valve 62 as shown in FIG. 4. Alternatively, this valve 
62 can be positioned, if desired, in the large arm 46 of 
the seal chamber 14 or in the suction line itself. The 
valve 62 is of the check type con?guration which is 
normally closed and includes valve member 63. it opens 
to permit excessive pressure in the seal chamber 14 to be 
vented to the ambient or atmosphere in response to any 
substantially increased pressure within the seal chamber 
14. 
The chest drainage device 10 according to the pres 

ent invention also includes a suction control chamber 16 
which includes a ?rst compartment 64 formed between 
walls 47 and 66 and a second compartment 67 formed 
between walls 66 and 68. The upper end of ?rst com 
partment 64 is ?uidly coupled to the suction inlet port 
60 together with the upper end of the large arm 46 of 
the water seal chamber 14. The upper end of the second 
compartment 67 which is formed between walls 66 and 
68 includes a waterless sucti'on regulator 72 which is 
housed in the upper portion of second compartment 67 
as shown in FIG. 4. The upper end of compartment 67 
has an opening 74 which communicates with the atmo 
sphere or the ambient about the chest drainage device 
10. The suction regulator 72 includes a valve 76 which 
is configured and dimensioned to seat against opening 
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78 in a plate member 80 which separates the second 
compartment 67 as shown in FIG. 5 into an upper and 
a lower portion. As evident from the drawings, the 
plate valve 76 is positioned in the lower portion and is 
biased in a closed position by means of a coil spring 82 
which is secured to the hook end of rod 84 and whose 
other end is secured in the upper wall 38 in a rotatable 
joint coupling or collar 86 which is annular in con?gu 
ration. The other end of rod 84 is positioned within the 
hollow portion of annular collar 86. The collar 86 also 
has a keyway ridge that is received within a groove 
along the upper end of rod 84. In this fashion, the rod 84 
can be rotated together with the collar 86 and simulta 
neously advanced upwardly or downwardly as will be 
described hereinbelow. The plate valve 76 as shown 
more clearly in FIG. 13 is formed on the end of a dash 
pot 86 which is secured in plate member 88 that is 
smaller sized than plate member 80 to permit atmo 
spheric air to pass thereby. The dash pot 86 is of the 
type manufactured under the trademark Airpot which 
is manufactured by Airpot Corporation, 27 Lois Street, 
Norwalk, Connecticut. The dashpot 86 attenuates the 
rapid modulation of the valve 76 which may occur 
during the operation of the chest drainage device 10. 
Preferably the dashport 86 includes a graphite plug 90 
attached to a stem 92 of plate valve 76. The graphite 
plug‘ 90 rides within a well formed of a glass annulus 94 
which together with the graphite plug 90 provide non 
binding surfaces to avoid sticking of component parts. 
As shown more clearly in FIG. 13, the plate valve 76 

is a generally flat plate with a circular bead 96 for seat 
ing against plate member 80 and about opening 78. In 
this manner, the plate valve 76 in cross section generally 
provides a single point of contact between the bead 96 
and plate member 80. This eliminates large contacting 
surface areas and thereby prevents any sticking of the 
plate valve 76 that may occur due to moisture. Prefera 
bly the plate valve 76 is formed of a high density poly 
ethylene which is more pliable than the plate member 
80. In this fashion, the plate valve 76 will more easily 
conform to any irregularities in the plate member 80 and 
assure proper sealing of the opening 78. 
The rod 84 includes as shown more clearly in FIG. 10 

a portion having a worm gear 98 that cooperates with a 
gear 100 positioned on a shaft 102 that supports rotat 
ably positioned disk 104 having lever arm 106. Accord 
ingly, as gear 100 is rotated upon movement of lever 
106, the worm gear 98 and rod 84 are advanced up 
wardly or downwardly while collar 86 remains ?xed or 
non-rotating and thereby changes the tension of the 
spring 82 that provides the amount of force for seating 
valve plate 76 against opening 78. Such tension corre 
sponds to the amount of suction imposed in the collec 
tion chamber 12 and likewise the patient’s pleural cavity 
and can thereby be calibrated so as to provide for a 
plurality of predetermined, preset values that can 
thereby be marked on the disk 104. To provide for 
accurate positioning of the disk 104, a corresponding 
series of detents 106 are provided along prescribed 
portions of the circumference of disk 104 and cooperate 
with a stop arm 108 that seats at its outer end within any 
one of the predetermined preset detents 106 that corre 
spond to a pre-set level of suction. The stop arm 108 is 
supported from outer wall 68 that includes opening 74 
that permits ambient or atmosphere to enter the suction 
control chamber 16. As noted above, rotation of collar 
86 simultaneously allows the rod 84 to be advanced 
upwardly or downwardly while the disk 104 is in a 
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12 
given position in order to provide for proper calibration 
of the suction level settings. 
The suction control chamber 16 includes a visual 

indicator that provides immediate con?rmation of 
proper operation of suction in the collection chamber 
12. This visual indicator will be described in greater 
detail below. 
As shown in FIG. 1, the drainage device 10 is gener 

ally formed of a housing that includes a front wall 110 
that is secured to a back wall !12. The front wall 110 and 
the back wall 112 are joined by means of four side walls 
which includes a top wall 38 as shown more clearly in 
FIG. 2, right side wall 26 and left side wall 68 and a 
bottom wall 114. As shown in FIGS. 6 through 10, the 
different walls and sides can have different contours in 
order to accommodate the different chambers de?ned 
therebetween. In one preferred embodiment, the hous 
ing can be formed integrally with all the walls joined 
along their peripheries. Alternatively, the separate side 
walls and front and back walls can be secured to one 
another by suitable means which are well known to 
those skilled in the art. According to the preferred em 
bodiment illustrated in FIG. 1, the housing 10 includes 
side brackets 116 shown more clearly in FIG. 2 from 
which hangers 118 extend in order to permit the device 
10 to be supported from a support rod 120 such as a 
hospital bedpost or the like. In an alternative embodi 
ment, the device 10 includes a floor support stand 122 
which is secured rotatably to the bottom wall 114 as 
shown in FIG. 4. The ?oor stand 122 comprises a gener 
ally rectangular or elongated bar which has an aperture 
centrally positioned so as to be able to pass over the split 
collar 124 as shown in FIG. 3. In this manner the floor 
stand 122 once assembled over the split collar 124 is able 
to rotate about its opening and can be positioned in a 
support fashion transversely to the longitudal axis of 
bottom wall 114 as shown in phantom lines in FIGS. 1 
and 7 indicated as element 126. If desired, the floor 
stand 122 can be secured after being placed in the sup 
port‘ position. Also, the housing front wall 110 prefera 
bly includes an integrally formed handle 125 for ease in 
carrying and handling. 

In order to permit viewing of the contents of the 
collection chambers, the front wall 110 as shown in 
FIG. 1 is at least transparent at certain portions 128 
thereof which overlay the heights of the various collec 
tion compartments. Also, the heights are calibrated 
with graduations 130 which indicate the amount of fluid 
collected therein. As noted above, the smaller volumet 
ric size of the ?rst collection compartment permits ?ner 
measurements, for example, from 0-200 cc of fluid 
while the other compartments accommodate still larger 
volumetric amounts. In this manner, the medical per 
sonnel can readily evaluate the performance of the 
chest drainage device 10 as the amount of ?uid col 
lected over time and during a complete fluid evacuation 
procedure by a single reading of the height of the ?uid 
in the most recently ?lled collection compartment. 

Other portions of front wall 110 are also transparent 
to permit the viewing of additional operational features 
of the device 10. In this respect, the small arm compart 
ment 42 of the sealed chamber 14 is transparent 132 in 
order to permit viewing of the height of the fluid con 
tained within the seal chamber 14. Accordingly, the 
length of the small arm compartment 42 is also cali 
brated with graduations 134 in order to permit ready 
measurement of the height of the ?uid. Similarly the 
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air?ow meter 48 has a transparent portion 136 which 
allows viewing of any air bubbles passing therethrough. 

In order to allow for ?lling of the ?uid into the seal 
chamber 14, a grommet 138 is provided as shown in 
FIG. 1. Similarly a grommet 140 is provided in front 
wall 110 so as to permit injection of ?uid if desired into 
the juncture of the ?rst and second compartments 64, 67 
in the suction control chamber 16. These grommets 138 
and 140 include a central rubber portion 142 which 
permits injection of ?uid by means of a hypodermic 
needle which will penetrate but not damage the rubber 
seal that thereafter self-seals and retains the integrity of 
the respective chambers or portions thereof. 
As shown in FIG. 1, the device 10 is coupled to a 

suction source by means of a suitable tubing 144 that is 
connected over the suction inlet 60. In a similar fashion 
a tubing 146 is employed for connection to the collec 
tion chamber inlet 36 and has its other end adapted for 
insertion into the body cavity or portion if desired so as 
to permit evacuation of gases and ?uids therefrom. 

Also, the suction control chamber 16 underlies a 
transparent portion 148 that permits viewing of the 
optional bubbling operation, if utilized as desired, in that 
chamber portion and thereby provides both a visual and 
audible con?rmation of operation of suction. Similarly, 
a transparent portion 150 permits visual con?rmation of 
operation in the ?rst compartment 64 of the suction 
control chamber 16 in a manner to be described in 
greater detail below. In this manner, medical personnel 
can easily determine upon viewing through either por 
tions 148 or 150 that the device 10 is properly operating. 
In order to permit visual determination of the proper 
level of suction setting desired, the disk 104 is viewable 
through transparent portion 152 which is calibrated 
with indicia 154 that indicate readily the degree of suc 
tion which is selected by means of movement of lever 
arm 106 extending through opening 74 of left side wall 
68. Instructional information can be provided on the 
face of front wall 110 as shown at different locations 
156, 158 and 159. 
An alternative embodiment 10' of the chest drainage 

device 10 according to the present invention is illus 
trated in FIG. 5. For ease of convenience elements of 
chest drainage device 10’ that are common to like ele 
ments in the embodiment 10 of FIG. 4 are identi?ed by 
like numerals. However, the embodiment of the chest 
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drainage device 10’ of FIG. 5 has a collection chamber " 
12 which is in direct ?uid communication with suction 
control chamber 16 through opening 54 in wall 63 with 
out a seal chamber as shown in the embodiment de 
picted in FIG. 4. Acordingly, in FIG. 5, the collection 
chamber 12 is formed to the right of lines “A-A” and 
suction control chamber 16 to the left thereof. 
During the drainage procedure, it is at times advanta 

geous or desirable to draw a fresh sample of ?uid drain 
age from the patient for culture purposes or other test 
ing procedures. It is also advantageous or desirable to 
provide for introduction of antibiotics as well as other 
drugs back to the patient in the event infection is de 
tected. According to currently available methods for 
obtaining drainage samples, some chest drainage de 
vices include a resealable site in the collection chamber 
12. However, with this method the clinician or medical 
personnel cannot obtain a fresh sample since the collec 
tion chamber 12 invariably would contain ?uids that 
have collected over a' period of time. Nor does such 
resealable site allow for the infusion of any drugs to the 
patient. Another common method is to sample directly 
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through the patient tubing which is typically formed of 
latex. Although manufacturers of latex tubing claim that 
the latex tubing is self-sealing, tests have indicated that 
leakage occurs under normal operating conditions. An 
other disadvantage with such sampling/injection meth 
ods is the possibility that the needle of a hypodermic 
needle, for example, may pass through both walls of the 
tubing and possibly stick and injure the clinician’s skin. 
The risk of .blood contact by the clinician would there 
fore exist every time a sample is withdrawn or injected 
into the latex tubing. 

Therefore, the present invention also includes a de 
vice 159 for compressing tubing 146 preferably formed 
of latex which extends from suction inlet 36 and whose 
other end is adapted for insertion into the body cavity 
or portion which is to be drained of ?uids and gases. 
According to the compression device 159 of the present 
invention as shown in FIG. 14, fresh drainage samples 
or infusion of drugs can be provided through the latex 
tubing 146 without any danger of leakage or contamina 
tion of the clinician due to possible sticks with the hypo 
dermic. The compression device 159 of the present 
invention maintains at least a portion of the wall of the 
tubing 146 in compression and thereby provides for 
self-sealing of the tubing wall while additionally provid 
ing access with a hypodermic needle. 
The device 159 includes a pair of compression plate 

s—-upper compression plate 160 and a lower compres 
sion plate 162-which have, when assembled, an inner 
cross~sectional diameter that is smaller than the cross 
sectional outer diameter of the tubing 146. The plates 
160 and 162 are like structured and curved as illustrated 
in FIG. 14. Flanges 164 along their respective longitudi 
nal edges as shown in FIG. 14 permit securing along the 
respective edges of plates 160, 162 by suitable means 
such as gluing, welding or the like as well as other 
means well known to those skilled in the art. The upper 
plate 160 includes a central port-or window 166 that 
allows the tubing 146 to be exposed. Since the inner 
cross-sectional diameter of assembled plates 160, 162 is 
less than the cross-sectional outer diameter of the tubing 
146-preferably 20% less-—the tubing 146 extends out 
wardly of the window 166 portion of upper plate 160 as 
shown more clearly in FIG. 16. In this manner, the 
tubing 146 at least within the portion of the window 166 
is maintained under compression so that when a hypo 
dermic needle is injected through the tubing 146 
through window 166 and thereafter removed, the tub 
ing 146 will self-seal‘ and prevent any escape of ?uid. 
Preferably, as shown in FIG. 15, the tubing 146 is also 
glued with a suitable solvent at portions 168, 170 which 
are adjacent the window portion 166. This permits the 
retention of the tubing 146 and particularly that portion 
about the window 166 even if the tubing is handled or 
pulled at portions outside of the compression device 
159. Such handling of the tubing occurs when medical 
personnel milk the tubing 146 in the fashion as noted 
above in order to remove any clots for example from 
the drainage line. By means of the glued portions 168 
and 170 the tubing is assured of being retained in its 
position within the device 159. At least the back plate 
member is relatively rigid so as to prevent a hypodermic 
needle from penetrating into the clinician’s skin in the 
manner as described above. 

Referring to FIG. 4 the visual indicator as noted 
above includes a ?oat member 172 which is positioned 
in the ?rst compartment 64 of the suction control cham 
ber 16 and in particular in the upper portion thereof 
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adjacent the juncture of the ?rst compartment 64 and 
the large arm 46 of the seal chamber 14. The ?oat mem 
ber 172 is dimensioned and con?gured so as to be capa 
ble of moving within a con?ned region 174 which is 
determined between a pair of post members 176, 178 
that serve as stops to limit the movement of the ?oat 
member 172 within the con?ned region 174. The ?oat 
member 172 is critically sized as is also the con?ned 
region 174 so that the ?oat member will move upwardly 
within the con?ned region 174 when the predetermined 
preset level of suction as controlled by regulator 72 is 
obtained in the collection chamber 12. Accordingly, in 
such circumstance, the ?oat member 172 will rise 
toward stop 176 when the proper predetermined level 
of suction is achieved and overcome. In order to permit 
viewing of the ?oat member 172, the front wall 110 has 
a visible portion 150 which permits viewing of the ?oat 
member 172 as it moves upwardly towards stop mem 
ber 176. This provides to the medical personnel immedi 
ate visual con?rmation that the chest drainage device 10 
has a proper- operation of suction in the collection 
chamber 12. Preferably, the ?oat member !72 is colored 
in contrast to its surrounding so as to be readily visible. 
In a preferred embodiment, the ?oat member 172 is 
?uorescent so as to provide immediate visual con?rma 
tion of proper suction operation even in reduced light 
or night conditions. 

Notably, the dry or waterless suction control cham 
ber 16 is independent of any ?uid which in typical 
drainage devices provides the degree of suction. How 
ever, the evaporation of the ?uid in those typical drain 
age devices results in variations in the suction pressure. 
This variation is avoided by means of the dry suction 
control chamber 16 of the present invention which is 
not dependent on any ?uid to control or regulate suc 
tion. 
Thus, the regulator 72 of the present invention does 

not employ water to control suction. In operation, the 
positioning of the setting of the suction level will be 
accomplished by turning the dial 104. The position of 
the dial 104 will cause spring 82 to be elongated accord 
ingly. Elongation of the spring 82 causes a force to be 
exerted on the valve plate 76 which seats against open 
ing 78. The exerted force is a function of the degree of 
spring elongation and the spring’s physical properties. 
Once suction is appled to the collection chamber 12 and 

‘ thereby the chest cavity or body portion of the patient, 
a force will be applied to the valve plate 76. If the force 
.applied to the valve plate 76 resulting from the applied 
suction exceeds the force supplied from elongation of 
the spring 82, the plate valve 76 will be displaced allow 
ing ambient or atmospheric air to enter the chest drain 
age device chambers. In particular, atmospheric air 
enters in through opening 74, through opening 78 in 
wall 80, around smaller sized wall 88, through opening 
79 in wall 81 and thus through the second compartment 
67 and through ?rst compartment 64 of the suction 
control chamber 16 and up out of the suction inlet 60. 
The plate valve 76 will remain displaced until the point 
where the force balance is achieved and thereupon the 
plate valve 76 will once again seat and seal the opening 
78. The regulation of imposed suction as described 
above, however, will provide rapid modulation of the 
plate seat 76 as those differentials occur. In order to 
reduce or attenuate this modulation, the dashpot 86 is 
included whose structure has been described herein 
above. 

35 

40 

50 

55 

60 

65 

16 
According to the con?guration of the regulator 72 

and its location in the chest drainage device 10, prefer 
ential air ?ow is provided which permits evacuation of 
air preferentially fromthe patient rather than from the 
regulator 72. This is assured by the area of opening 78 
being larger than the smallest cross-sectional area of any 
passage in any of the chambers. Thus, the system allows 
variations in patient air leaks and also source suction 
levels while maintaining a predetermined preset im 
posed level of suction in the collection chamber 12. 
Accordingly, the chest drainage device 10 according to 
the present invention is insensitive to pressure variations 
regardless of their source and provides a generally 
steady level of suction in accordance with the predeter 
mined preset level of suction as regulated by the suction 
control regulator 72 and as indicated by the dial 104 
setting. 

In comparison, typical dry chest drainage device 
regulator systems employ a restricted ori?ce located in 
the suction application line. These systems are ineffec 
tive in maintaining a desired imposed suction pressure 
level and rather restrict volume ?ow of air through 
such systems. 

In an alternative embodiment of the present inven 
tion, the ?oat member 172 can be optionally replaced by 
means of a bubbler indicator which will provide not 
only visible but also audible immediate con?rmation of 
the proper level of suction in the collection chamber 12. 
The bubbler indicator includes a bubbler zone which is 
formed at the juncture of the lower ends of the ?rst 
compartment 64 and the second compartment 67 of the 
suction control chamber 16. A predetermined amount 
of ?uid is admitted into the bubbler zone so that under 
operational conditions, any ambient or atmospheric air 
entering through the regulator 72 will pass through the 
bubbler zone and will bubble therethrough toward the 
suction inlet 60 and thus provide audible con?rmation 
of proper operation of suction in the collection chamber 
12. By providing a transparent portion 148 on front wall 
110 as shown in FIG. 1, visual con?rmation is also 
provided. Thus, medical personnel upon passing the 
chest drainage device 10 as illustrated in FIGS. 1 and 4 
will be able to both hear and see that the chest drainage 
device 10 is operating properly. 
However, since the plate valve 76 is not a perfect seal 

and in most instances will permit some air or ambient to 
pass through toward the suction inlet 60, a critically 
sized passageway 180 is provided in wall member 182 
separating the ?rst compartment 64 and second com 
partment 67 and is positioned at a point above the level 
of the predetermined amount of ?uid admitted into the 
bubbler zone. In this fashion, any leakage air will bypass 
the bubbler zone and travel directly into the suction line 
without providing a false alarm of operation which is 
not yet achieved since the predetermined preset level of 
suction is yet to be obtained. A grommet 140 as previ 
ously described is provided through which the ?uid 
may be admitted. Alternatively, a suitably sized ?exible 
injection tubing (not shown) can be inserted through 
the suction inlet 60 and positioned down to the lower 
portion of ?rst compartment 64 and thereupon provide 
for admission of ?uids. Similarly, the injection ?exible 
tubing can also be passed into the large arm 46 of the 
seal chamber 14 and thereby provide for admission of 
?uid. In these alternative operations, there will be no 
need for the grommets 140 and 138 as illustrated in FIG. 
1. Thus, after a predetermined amount of ?uid is in 
jected into the bubbler zone, any atmospheric air pass 



4,784,642 
17 

ing therethrough will cause bubbling in the suction 
control chamber 16 when the applied suction exceeds 
the preset imposed value. The bubbler zone and regula 
tor 72 are designed so that the addition or deletion of 
water in the bubbler zone will have no effect whatso 
ever upon the imposed suction level. The bubbler zone 
and ?rst compartment 64 and second compartment 67 
include de?ectors 182, 184 and 186 which aid in pre 
venting any ?uid in the bubbler zone from rising and 
spilling over into the seal chamber 14. In addition, the 
height of the second compartment 64 is chosen so as to 
further aid in preventing such spillover. Notably, the 
amount of predetermined ?uid in the bubbler zone is 
below that level required to open the valve plate 76. In 
comparison with the float member 172, the amount of 
predetermined ?uid corresponds to the ‘inertial mass of 
?oat member 172. 
Although the suction regulator 72 of the present 

invention has bee described in connection with a chest 
drainage device 10, it can also be applied to control 
suction of other drainage devices as well. As shown in 
FIG. 4 wall member portions 190, 192 and 194 are pro 
vided for added support. 
The present invention has been described in detail 

with particular emphasis on the preferred embodiments 
thereof. However, it should be understood that varia 
tions and modi?cations within the spirit and scope of 
the invention may occur to those skilled in the art to 
which the invention pertains. 
We claim: 
1. Apparatus for draining bodily ?uids comprising: 
a. collection chamber for collecting ?uids from a 
body cavity, said collection chamber including an 
inlet for ?uid communication with the body cavity; 

b. seal chamber for preventing passage of atmo 
spheric air into the body cavity; and 

c. suction control chamber for meterlessly regulating 
the degree of vacuum imposed in the collection 
chamber and including: 
1. ?rst compartment communicating at one end 
with said seal chamber and having an inlet for 
coupling to a suction source; 

2. second compartment communicating at one end 
with the other end of said ?rst compartment and 
at its other end having an inlet for communicat 
ing with the ambient; 

3. discrete dry meterless means for regulating the 
degree of suction imposed in said collection 
chamber at a plurality of predetermined preset 
levels of suction such that said regulation is sub 
stantially insensitive to pressure variations due to 
patient air leaks or suction source levels, said 
regulating means positioned within said second 
compartment, said dry regulating means dimen 
sioned and con?gured so as to provide suction 
control at said predetermined preset level of 
suction independently of any liquid within said 
suction control chamber; and 

4. indicator means positioned within said ?rst com 
partment for providing immediate con?rmation 
of proper operation of suction of the body cav 
ity. 

2. The apparatus according to claim 1 wherein said 
regulation suction means comprises: 

a. a member positioned within and dividing said sec 
ond compartment into a ?rst portion adjacent said 
ambient inlet and a remaining second portion, said 
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member having an aperture for passage of ambient 
into said ?rst compartment; 

b. valve means dimensioned and con?gured for open 
ing and closing said aperture; and 

c. means for tensioning said valve means closed when 
the collection chamber suction is at said preset 
level of suction and otherwise opening said valve 
means so as to permit ambient to ?ow into said 
second portion of said second compartment and 
thereby return the suction in the collection cham 
ber to said preset level. 

3. The apparatus according to claim 2 further com 
prising means for adjusting said spring tension in prede 
termined preset discrete steps so as to provide one of 
said predetermined preset levels of suction. 

4. The apparatus according to claim 2 wherein said 
aperture in area is greater than the smallest cross-sec 
tional area of any passage in any of the chambers. 

5. Apparatus for draining bodily ?uids comprising: 
a. collection chamber for collecting ?uids from a 
body cavity, said collection chamber including an 
inlet for ?uid communication with the body cavity; 

b. seal chamber for preventing passage of atmo 
spheric air into the body cavity; and 

c. suction control chamber for meterlessly regulating 
the degree of vacuum imposed in the collection 
chamber and including: 
1. ?rst compartment communicating at one end 
with said seal chamber and having an inlet for 
coupling to a suction source; 

. second compartment communicating at one end 
with the other end of said ?rst compartment and 
at its other end having an inlet for communicat 
ing with the ambient; 

3. dry means for regulating the degree of suction 
imposed in said collection chamber at a plurality 
of predetermined preset levels of suction, said 
regulating means positioned within said second 
compartment; and 

. indicator means positioned within said ?rst com 
partment for providing immediate con?rmation 
of proper operation of suction of the body cav 
ity; 

said regulation suction means comprises: 
a. a member positioned within and dividing said sec 
ond compartment into a ?rst portion adjacent said 
ambient inlet and a remaining second portion, said 
member having an aperture for passage of ambient 
into said ?rst compartment; 

. valve means dimensioned and con?gured for open 
ing and closing said aperture; and ' 

0. means for tensioning said valve means closed when 
the collection chamber suction is at said preset 
level of suction and otherwise opening said valve 
means so as to permit ambient to ?ow into said 
second portion of said second compartment and 
thereby return the suction in the collection cham 
ber to said preset level; 

further comprising means for adjusting said tension in ’ 
predetermined preset discrete steps so as to provide one 
of said predetermined preset levels of suction; wherein 
said adjusting means comprises: 

a. worm gear disposed on at least a mid portion of 
said support member; 

b. pinion gear being rotatably supported and coopera 
tively engaging said worm gear; 
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c. dial coupled to said pinion gear and having a plu 
rality of predetermined preset grooves along its 
Periphery; 

d. detent member resiliently disposed against said 
periphery and con?gured and dimensioned for 
seating within one of said grooves and such that 
upon rotating said dial, said detent member rides 
along said'periphery until seating within next one 
of said grooves. ' 

6. The apparatus according to claim 5 further com 
prising means for variably calibrating the tension of said 
spring while said detent member is seated within one of 
said predetermined preset grooves of said dial 0 that 
said spring tension can be selectively varied without 
any rotation of said dial. 

7. The apparatus according to claim 6 wherein said 
tension calibration means comprises a collar rotatably 
disposed in a portion of said housing, said other end of 
said support member being secured to said collar for 
rotation therewith so that upon rotation of said collar 
together with said support member, the tension of said 
spring can be selectively varied while said dial is sta 
tionary. 

8. The apparatus according to claim 7 wherein at least 
a portion of said dial extends out of said ambient inlet so 
that said dial can be rotated from outside of said suction 
control chamber. ‘ 

9. The apparatus according to claim 8 wherein said 
dial has graduations thereon to indicate the suction 
pressure imposed in said collection chamber while said 
detent member is seated in one of said grooves. 

10. Apparatus for draining bodily fluids comprising: 
a. collection chamber for collecting fluids from a 
body cavity, said collection chamber including an 
inlet for ?uid communication with the body cavity; 

b. seal chamber for preventing passage of atmo 
spheric air into the body cavity; and 

c. suction control chamber for meterlessly regulating 
the degree of vacuum imposed in the collection 
chamber and including: 
1. ?rst compartment communicating at one end 
with said seal chamber and having an inlet for 
coupling to a suction source; 

2. second compartment communicating at one end 
with the other end of said ?rst compartment and 
at its other end having an inlet for communicat 
ing with the ambient; 

3. dry means for regulating the degree of suction 
imposed in said collection chamber at a plurality 
of predetermined preset levels of suction, said 
regulating means positioned within said second 
compartment; and 

. indicator means positioned within said ?rst com 
partment for providing immediate con?rmation 
of proper operation of suction of the body cav 
it)’; 

said regulation suction means comprises: 
a. a member positioned within and dividing said sec 
ond compartment into a ?rst portion adjacent said 
ambient inlet and a remaining second portion, said 
member having an aperture for passage of ambient 
into said ?rst compartment; 

. valve means dimensioned and con?gured for open 
ing and closing said aperture; and 

c. means for tensioning said valve means closed when 
the collection chamber suction is at said preset 
level of suction and otherwise opening said valve 
means so as to permit ambient to ?ow into said 
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second portion of said second compartment and 
thereby return the suction in the collection cham 
ber to said preset level; 

wherein said valve mean is a generally flat plate having 
a circular bead on one side thereof for seating against 
said separation member and about said aperture so as to 
provide in cross section a generally single point of 
contact between said bead and said separation plate. 

11. Apparatus for draining bodily fluids comprising: 
a. collection chamber for collecting ?uids from a 
body cavity, said collection chamber including an 
inlet for ?uid communication with the body cavity; 

b. seal chamber for preventing passage of atmo 
spheric air into the body cavity; and 

c. suction control chamber for meterlessly regulating 
the degree of vacuum imposed in the collection 
chamber and including: 
1. ?rst compartment communicating at one end 
with said seal chamber and having an inlet for 
coupling to a suction source; 

2. second compartment communicating at one end 
with the other end of said ?rst compartment and 
at its other end having an inlet for communicat 
ing with the ambient; 

3. dry means for regulating the degree of suction 
imposed in said collection chamber at a plurality 
of predetermined preset levels of suction, said 
regulating means positioned within said second 
compartment; and 

4. indicator means positioned within said ?rst com 
partment for providing immediate con?rmation 
of proper operation of suction of the body cav 
ity; 

said regulation suction means comprises: 
a. a member positioned within and dividing said 
second compartment into a first portion adjacent 
said ambient inlet and a remaining second por 
tion, said member having an aperture for passage 
of ambient into said ?rst compartment; 

b. valve means dimensioned and con?gured for 
opening and closing said aperture; and 

c. means for tensioning said valve means closed 
when the collection chamber suction is at said 
preset level of suction and otherwise opening 
said valve means so as to permit ambient to ?ow 
into said second portion of said second compart 
ment and thereby return the suction in the col 
lection chamber to said preset level; 

further comprising damping means coupled to said 
valve means for attenuating any rapid movement of said 
valve means during opening and closing of said aperture 
in response to any suction variations from said predeter 
mined preset level of suction. 

12. The apparatus according to claim 11 wherein said 
damping means comprises a dashpot operatively con 
nected to said valve means. 

13. The apparatus according to claim 12 wherein said 
spring is disposed in said ?rst portion adjacent said 
ambient inlet and said valve means and said dashpot are 
each disposed in said second portion of said second 
compartment. 

14. Apparatus for draining bodily fluids comprising: 
a. collection chamber for collecting fluids from a 
body cavity, said collection chamber including an 
inlet for fluid communication with the body cavity; 

b. seal chamber for preventing passage of atmo 
spheric air into the body cavity; and 
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c. suction control chamber for meterlessly regulating 

the degree of vacuum imposed in the collection 
chamber and including: 
1. ?rst compartment communicating at one end 
with said seal chamber and having an inlet for 
coupling to a suction source; ' 

2. second compartment communicating at one end 
with the other end of said ?rst compartment and 
at its other end having an inlet for communicat 
ing with the ambient; 

3. dry means for regulating the degree of suction 
imposed in said collection chamber at a plurality 
of predetermined preset levels of suction, said 
regulating means positioned within said second 
compartment; and 

4. indicator means positioned within said ?rst com 
partment for providing immediate con?rmation 
of proper operation of suction of the body cav 
ity; wherein said indicator means comprises a 
float disposed within a con?ned region of said 
?rst compartment of said suction chamber, said 
con?ned region having a visible portion and said 
?oat being con?gured and dimensioned so as to 
move to said visible portion within said con?ned 
portion when said predetermined preset level of 
suction is obtained in said collection chamber 
and thereby provide immediate visual con?rma 
tion of proper operation of suction in said collec 
tion chamber. 

15. The apparatus according to claim 14 wherein said 
con?ned region is de?ned between a pair of stop mem 
bers and which limit the movement of said ?oat within 
said con?ned region. 

16. The apparatus according to claim 15 wherein said 
?oat is colored in contract to its surroundings so as to be 
readily visible. 

17. The apparatus according to claim 16 wherein said 
?oat is ?ourescent' so as to provide immediate visual 
con?rmation of proper suction operation in reduced 
light or night conditions. _ 

18. Apparatus for draining bodily ?uids comprising: 
a. collection chamber for collecting ?uids from a 
body cavity, said collection chamber including an 
inlet for ?uid communication with the body cavity; 

b. seal chamber for preventing passage of atmo 
spheric air into the body cavity; and 

c. suction control chamber for meterlessly regulating 
the degree of vacuum imposed in the collection 
chamber and including: 
1. ?rst compartment communicating at one end 
with said seal chamber and having an inlet for 
coupling to a suction source; 

2. second compartment communicating at one end 
with the other end of said ?rst compartment and 
at its other end having an inlet for communicat 
ing with the ambient; 

3. dry means for regulating the degree of suction 
imposed in said collection chamber at a plurality 
of predetermined preset levels of suction, said 
regulating means positioned within said second 
compartment; and 
indicator means positioned within said ?rst com 
partment for providing immediate con?rmation 
of proper operation of suction of the body cav 
ity; wherein said indicator means comprises a 
visible bubbler zone formed at the juncture of 
said ?rst and said second compartments for re 
taining a predetermined amount of ?uid so that 
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under operational conditions ambient entering 
through said bubbler zone will bubble there 
through toward said suction inlet and thus pro 
vide both immediate visual and audible con?r 
mation of proper operation of suction in said 
collection chamber. 

19. The apparatus according to claim 18 wherein said 
bubbler zone includes a passageway bypassing said ?uid 
retention zone, said passageway being dimensioned and 
con?gured so that ambient will not bubble through ?uid 
in said bubbler zone until said suction imposed in said 
collection chamber is at least above set predetermined 
preset level of suction. 

20. Apparatus for draining bodily ?uids comprising: 
a. collection chamber for collecting ?uids from a 
body cavity, said collection chamber including an 
inlet for ?uid communication with the body cavity; 

b. suction control chamber for regulating the degree 
of vacuum imposed in the collection chamber; and 

0. seal chamber for preventing passage of ambient 
into the collection chamber and including: 
(1) a large arm compartment having a suction inlet 

at one end; . 

(2) a small arm compartment at one end having an 
opening communicating with said collection 
chamber and communicating at its other end 
with the other end of said large arm, said small 
arm compartment having means adjacent its one 
end for preventing ambient form passing into 
said collection chamber when said collection 
chamber has a relatively high level of negative 
pressure; wherein said ambient prevention means 
comprises a ?rst chamber formed adjacent said 
opening and being dimensioned and con?gured 
so as to contain the entire volume of a predeter 
mined amount of sealing ?uid disposed in said 
seal chamber at the juncture of said large arm 
and said small arm compartments; said contain 
ment chamber being con?gured so that any seal 
ing ?uid passing into said containment chamber 
is diverted in a direction other than the direction 
of normal flow so that entering ?uid will circu 
late in and be collected within said containment 
chamber; and 

further comprising: 
a. wall member positioned within said small arm and 

separating said containment chamber from the re 
mainder of said small arm, said wall member hav 
ing an aperture; and 

. valve means being dimensioned and con?gured for 
opening and substantially closing said aperture, 
said valve means being open when the collection 
chamber suction is at said preset level of suction 
and otherwise said valve means tending to substan 
tially close said aperture in response to any ?uid 
entering into said containment chamber from said 
juncture of said large arm and said small arm com 
partments; wherein said valve means comprises a 
ball dimensioned and con?gured so as to be 
adapted for seating with and substantially closing 
said aperture; and wherein said aperture includes a 
notch so as to permit the sealing ?uid to enter into 
said containment chamber when said ball valve 
seats upon and substantially closes said opening 
whereupon the sealing ?uid is diverted within said 
containment chamber generally transverse to the 
direction normal suction ?ow. 




